Left ventricular length and calculated diameter were derived from angiocardiograms in 24 subjects with various heart diseases. Chamber diameter was noted to decrease an average of 27.5% from end-diastole to end-systole, and chamber length decreased 13%. Only subjects with calculations of left ventricular mass differing less than 25% from end-diastole to end-systole were accepted in order to avoid effects of spurious increases in end-systolic wall thickness on calculated diameter. Patients with localized disorders of contraction were also excluded. An extremely close linear relationship between the percentage change in diameter and the ejection fraction was demonstrated. Analysis of the radii of curvature showed that the lateral wall usually straightens during systole. However, if extreme ventricular dilatation is present, the lateral-wall curvature increases with systole. The possible implications of this alteration in contraction pattern and its effect upon the ejection fraction were discussed.
lar dimensions. Studies of the normal canine left ventricle indicate that the canine ventricle empties primarily by inward motion of the lateral wall with little change in the base-toapex dimensions.10-15 Previous studies in man have suggested a similar contraction pattern. '-19 This report will relate the ejection fraction to specific dimensional changes in the left ventricle in patients with various cardiac diseases. These studies also provide insight into alterations in the pattern of left ventricular contraction that occur when left ventricular disease is present.
Methods Left ventricular angiocardiograms from 24 subjects with various cardiac diseases were analyzed by the area-length method. [20] [21] [22] Most patients were studied with a Schonander biplane apparatus at a filming rate of 6-12 films/sec, but in five patients a single-plane RAO cine was used.21 23, 24 Beats immediately following premature ventricular contractions were excluded. The volume calculations were adjusted by appropriate correction factors to adjust for errors caused by image magnification, distortion due to X-ray equipment, the use of an ellipsoid model to represent the left ventricular chamber, and inclusion of papillary muscles and trabeculae carneae in the volume estimation. 20' 22, 24 Total left ventricular stroke volume was determined by subtracting end-systolic volume from end-diastolic volume. The .. The relationship between end-diastolic length and diameter with end-diastolic volume. There is a nearly identical increase in both dimensions. This represents a relatively greater increase in diameter (see text).
Results
The individual data are presented in table 1, and the patients are ranked in order of increasing end-diastolic volume. There was a wide range of end-diastolic volumes and ejection fractions. The calculated end-systolic left ventricular mass changed by less than 25% of the end-diastolic value in all subjects and averaged 9.3% + 2.0 (SEM). The change in left ventricular wall thickness from end-diastole to end-systole varied from 15 table 1 , the lateral-wall curvature increased during systole as indicated by a decrease in L2/2D. All but one of these patients had an end-diastolic volume in excess of 250 ml. There were significant differences in the end-diastolic volume and ejection fraction between these two groups ( fig. 3 ). Group I averaged 171 ml + 12.1 versus 331 ml + 37.4 for group II (P < 0.001), and the ejection fraction for group I was 60% ± 2.5 versus 41% + 4.4 for group II (P <0.001). When AL2/2D was correlated with end-diastolic volume, a correlation of r = 0.658 was obtained.
It was discovered that the simpler measure- The linear relationship between the ejection fraction and %,A D. A highly significant correlation is present.
The equation for the regression is indicated.
groups ( fig. 3 figure 4 . The regression coefficient is r=0.985 (P < 0.001).
Discussion
The configuration of the human left ventricular chamber was studied at end-diastole and end-systole. The changes in diameter were obtained from a calculated dimension using equation 1 37 The apical or lower 40% of the chamber is covered almost entirely by spirally directed fibers. Contraction of these fibers should tend to approximate the papillary muscles and produce obliteration of the apex. The phenomenon of apical obliteration has been observed angiographically for many years. This phenomenon could produce a spurious shortening of ventricular length during systole. It is commonly seen in exaggerated form in idiopathic hypertrophic subaortic stenosis though it is occasionally seen in other disorders or in normal subjects.SSAO Our criteria for inclusion of patients in this study tended to exclude those who might show apical obliteration, because of difficulties in measuring end-systolic volume and mass in such patients. However, one patient with muscular subaortic stenosis was studied, and this individual had the highest %AL (31%), which was due to apical obliteration by the papillary muscles.
Layered dissections in a few hypertrophied and dilated hearts have demonstrated that the circular muscle bundles which cover only the basal 60% of normal-sized hearts may extend farther down toward the ventricular apex. 37 As noted by Deliyannis, this fiber distribution inhibits apical obliteration. That the apex appears to empty poorly in many dilated hearts is a common observation during angiocardiography, and was noted in several subjects in this series. Thus, left ventricular dilatation produces an "apical dead space" which could contribute to the reduced ejection fraction often associated with cardiac dilatation.
It would appear from the data derived from this study that the heart changes its mode of contraction when diastolic volume increases above 265 ml. This conclusion is based on calculations of lateral-wall curvature andlor L/D ratios at end-diastole compared to endsystolic values. In all subjects with enddiastolic volumes greater than 265 ml, the lateral wall became more curved with ejection. These dilated ventricles are contracting more nearly as a sphere.
Whether the more spherical contraction pattern exhibited by large ventricles is of consequence cannot be directly answered by this study. However, Sallin has suggested that the helical arrangement of the inner and outer myocardial fiber layers of the ventricular shell allows the ventricle to empty much more completely than would be the case if all the fibers were arranged in a circumferential fashion. 4 fraction, since the ejection fraction depends upon the subtraction of end-systolic volume from end-diastolic volume. In spite of using the criteria of a change in the value of a left ventricular mass of less than 25%, the value of %AH in this series is slightly higher than that found by Hugenholtz who used a more elaborate method to correct end-systolic wallthickness measurements.30 By doing this we biased our sample to exclude subjects with marked concentric hypertrophy. Secondly, we excluded patients with striking localized disorders of contraction. This eliminated some patients with coronary artery disease and old myocardial infarction. In many of these subjects a meaningful %AD at the midwall cannot be obtained. Thus, the close correlation of %AD and ejection fraction may not necessarily be present in some patients with coronary artery disease. Addendum Since this work was performed, similar studies have been performed in 28 additional patients in whom left ventricular volumes and dimensions were measured from RAO cine projection at 60 frames/sec. Employing the correction factors of Kasser, a relationship virtually identical to that of the present study has been obtained (y = 1.31x + 15.0; 'a = 4.66; r =0.963; P < 0.001).24. 28 Thus, the RAO cine method appears as useful as the biplane method for defining this relationship, but as might be expected the error is slightly larger (a' of 4.66 compared to 2.41).
